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Articular cartilage is a metabolically active tissue. The
chondrocytes maintain a balance between the rate of degra-
dation of the different matrix components and the rate of
synthesis and incorporation of these molecules. On the other
hand, the extracellular matrix protects the cells from the
potentially damaging biomechanical forces generated by
joint loading and motion. In osteoarthritic (OA) cartilage,
there is an imbalance of these rates, which ultimately results
in a progressive disruption of the matrix and loss of matrix
components. 

The most abundant molecules of articular cartilage
matrix are collagen and proteoglycans (PG). By binding
many polyanionic PG monomers non-covalently, a single
filamentous molecule of hyaluronan (HA) forms supramol-
ecular aggregates of very large size which can then be firmly

entrapped at high concentration within the collagenous
meshwork and in so doing, provide cartilage with its elas-
ticity and stiffness on compression1. Therefore, any decrease
in the cartilage concentration of PG and HA, as occurs in
OA and other arthritides, compromises the functional prop-
erties of the articular tissue.

Nonsteroidal antiinflammatory drugs (NSAID) are
widely prescribed to patients with inflammatory joint
diseases and their therapeutic effect results, at least in part,
from their ability to inhibit cyclooxygenase (COX), and
hence the local production of prostaglandins, which are
potent mediators of the inflammatory reaction2. Two
isoforms of COX have been identified and characterized:
COX-1, which is constitutively expressed in most tissues,
and COX-2, which is inducible in response to proinflamma-
tory cytokines and mitogens3. It is generally believed that
the beneficial effects of NSAID are related to their ability to
inhibit COX-2 and that their renal and gastrointestinal (GI)
toxicity results from their inhibition of COX-1, a contention
that has led to the development of highly selective COX-2
inhibitors4. It should however be stressed that COX-1
derived prostaglandins can contribute to the inflammatory
response5 and that COX-2 derived prostaglandins perform
physiologically important roles such as the maintenance of
normal renal function6 and the protection of the GI tract
from injury7,8. 

Although NSAID produce relief of pain and improve-
ment of joint mobility in patients with arthritides, it is
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important to assess the direct effects of such compounds on
articular cartilage metabolism. This point is most relevant to
clinical practice since it is essential that compounds used to
treat joint disorders do not impair the ability of the chon-
drocyte to repair its already damaged matrix. Accordingly,
in vitro and in vivo investigations conducted with non-selec-
tive and moderately selective COX-2 inhibitors have shown
that some NSAID inhibit the synthesis of cartilage PG
whereas others do not9-14. Further, 2 recent studies suggest
that selective COX-2 inhibitors may help to prevent the loss
of cartilage PG induced by interleukin-115,16. On the other
hand, it is somewhat surprising that, so far, few investigative
efforts have been devoted to the effect of NSAID on the
metabolism of HA12,14. Indeed, this glycosaminoglycan
plays a central role in the supramolecular organization of PG
aggregates, and hence on the biomechanical properties of
articular cartilage. Further, there is a dramatic reduction in
the HA content of cartilage in experimental OA17 and in
human OA18,19, and this in contrast to ageing20,21. 

Accordingly, we investigated the effect of celecoxib on
the overall metabolism of HA and PG in human OA carti-
lage explants. This recently marketed COX-2 specific
inhibitor shows sustained antiinflammatory and analgesic
activity as well as good tolerability in therapy for rheumatic
diseases4. Results were compared to those obtained with
diclofenac, a non-selective COX-2 inhibitor, which is
usually used as a reference NSAID in clinical trials4. 

MATERIALS AND METHODS 
Materials. Celecoxib was a generous gift from Pharmacia (Brussels
Belgium). Culture plates and media were from Invitrogen/Gibco BRL
(Merelbeke, Belgium). ITS premix was from ICN (sAsse, Belgium) and
[3H]-glucosamine from Amersham Pharmacia Biotech (Roosendaal, The
Netherlands). Dialysis membranes (molecular weight cut-off: 3500) were
from Spectrum (Los Angeles, CA, USA) and Econo-Pac Q cartridges were
from Bio-Rad (Nazareth, Belgium). All other reagents were from Sigma-
Aldrich (Bornem, Belgium).

Cartilage sampling and explant culture. Human knee joints were collected
within 2 h of surgery from patients undergoing total knee arthroplasty for
OA. During the week preceding surgery, patients were allowed to take
paracetamol or dextropropoxyphen H Cl, but no NSAID.

Immediately after surgery, full thickness cartilage was aseptically
removed from the medial femoral condyle of each donor and washed with
sterile phosphate buffered saline containing antibiotics (100 units/ml peni-
cillin and 100 units/ml streptomycin). Three to four slices were taken at
random and processed for the histological-histochemical grading system
devised by Mankin, et al22 whereas the other cartilage specimens were cut
into small pieces in Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with penicillin and streptomycin. The tissue was washed several
times with this medium and aspirated free from liquid. Cartilage pieces
were then weighed and distributed into the different wells of multi-well
culture plates (typically between 30-60 mg tissue/well). DMEM supple-
mented with antibiotics and 20% (v/v) fetal calf serum was added to each
well (1 ml/50 mg tissue) and the culture plates were incubated at 37˚C in
5% CO2 in air for 48 h before conducting the pulse and chase studies. 

As the overall metabolism of articular cartilage can change markedly
with the degree of severity of the disease process23, we only included
patients having a histological-histochemical grading system ranging from 4
to 8, i.e., being in the midrange of severity of the osteoarthritic disease

process. A total of 24 patients (16 women and 8 men) were therefore
included in the study. Since the total amount of cartilage obtained for each
patient was insufficient to conduct the pulse and chase studies in the pres-
ence of different concentrations of NSAID, the patients were randomly
distributed into 2 groups of 12 each. Pulse studies were carried out in one
group (median age: 59 years; range: 51-64) and chase studies in the other
group (median age: 60 years; range: 54-66). 

For each pulse and chase study, the cartilage from one individual was
used and tissue cultures were conducted in triplicate: that is, for the control
culture as well for each NSAID concentration, 3 cartilage explants were
cultured separately. Reported values are the means of the triplicate cultures. 
Pulse studies. After 2 days of culture, the culture medium was aspirated and
the explants were washed 3 times with DMEM. Explants were resuspended
in DMEM (1 ml/50 mg tissue) supplemented with antibiotics, 4% (w/v)
bovine serum albumin (BSA), ITS premix, and [3H]-glucosamine (50
µCi/ml). To each well, a solution of NSAID dissolved in dimethylsulfoxide
(DMSO) was added (10 µl/ml culture medium) to achieve a final concen-
tration of 1 to 10 µg/ml. Control cultures received 10 µl/ml of DMSO that
was free of any NSAID. Culture wells were then incubated for 12 h. 

Chase studies. After 2 days of culture, the cartilage pieces were aspirated
free of medium, washed 3 times with DMEM and incubated for 12 h in
DMEM (1 ml/50 mg tissue) supplemented with antibiotics, BSA (4% w/v),
ITS premix, and [3H]-glucosamine (50 µCi/ml). After pulse labeling, the
cartilage pieces were washed 3 times with DMEM and resuspended in
DMEM supplemented with ITS, BSA, and antibiotics. To each well, a solu-
tion of NSAID dissolved in DMSO was added (10 µl/ml culture medium)
to achieve a final concentration of 1 to 10 µg/ml. Control cultures received
10 µl/ml of DMSO that was free of any NSAID. Culture wells were then
incubated for 24 h. 

Isolation and purification of PG and HA. At the end of the pulse labeling
and non-radioactive chase periods, the culture media were removed and the
cartilage pieces were washed several times. Media and corresponding
washes were then combined, enriched in bovine nasal PG monomers (500
µg/ml) and HA (10 µg/ml) before being dialyzed against 0.15 M sodium
chloride, 0.05 M sodium acetate, and 5 mM EDTA, pH 6.0. Papain (10
µg/ml) and cysteine HCl (20 mM) were added to each sample, which was
incubated for 24 h at 60˚C. Cartilage specimens were lyophilized to obtain
their dry weight and then digested with papain (100 µg/ml) for 24 h at
60˚C. Digests of cartilage and media were aliquotted and samples were
subjected either to ion-exchange chromatography or to biochemical deter-
minations. 

Papain digests were purified by chromatography on an Econo-Pac Q
column as described12,14. Typically, a first [3H]-radiolabeled peak was
eluted at about 0.2–0.3 M NaCl and a second radiolabeled peak at about 1
M NaCL. Fifty to seventy percent of the material present in the first peak
was identified as [3H]-HA as it was sensitive to Streptomyces
hyaluronidase. The material present in the second peak was resistant to
digestion with Streptomyces hyaluronidase but about 90% of its content
was digested by chondroitinase ABC. This second peak was therefore iden-
tified as chondroitin sulfate and hence as [3H]-PG. The 10% of the material
that was present in the second peak and that was resistant to digestion with
both Streptomyces hyaluronidase and chondroitinase ABC is likely to be
keratan sulfate, another component of PG molecules, although digestion
with keratanase was not carried out in the present study. 

The rates of biosynthesis of HA and PG were determined by the
summation of [3H]-HA and [3H]-PG disintegrations per min (dpm) found in
papain-digested tissues and media at the end of the 12 h pulse period. Since
cartilage specimens cultured over 72 h had lost less than 5% of their orig-
inal hydroxyproline content into the medium, results were expressed as
dpm/h/mg of hydroxyproline. 

At the end of the 24-h nonradioactive chase period, the [3H]-HA and
[3H]-PG dpm found in the media and corresponding papain-digested tissue
specimens wee summed to yield the total incorporated [3H]-HA and [3H]-
PG dpm. The chase medium contains not only degraded glycosaminogly-
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cans but also intact HA and PG molecules that were being synthesized at
the end of the pulse labeling period; and that were not incorporated into the
matrix and lost into the medium during the subsequent nonradioactive
chase period; the radiolabeled material recovered in the medium during the
24-h chase period was therefore described as net loss rather than catabo-
lism. This net loss was expressed as the percentage of total incorporated
dpm found in the medium samples of the 24-h nonradioactive chase period. 
Biochemical determinations. Hydroxyproline was determined by the
method of Woessner24 and hexuronate by the method of Bitter and Muir25.
HA was quantified by a specific enzyme-linked immunosorbent assay26. 

Statistical analysis. The statistical significance of the differences observed
between groups was evaluated by the Mann-Whitney U test. In each group,
the significance of the differences in HA and PG metabolism observed in
the presence of different NSAID concentrations were evaluated by the
Wilcoxon signed rank test. P values < 0.05 were considered statistically
significant. 

RESULTS
Biochemical and metabolic characterization of cartilage
explants. In the group of cartilage explants used for pulse
studies (group A), the median content of hydroxyproline
amounted to 69 µg/mg tissue dry weight (range: 60–80), and
a similar value of 70 µg/mg tissue dry weight (range: 61–78)
was found for the median content of hydroxyproline in carti-
lage specimens used for chase experiments (group B).
Further, as shown in upper panels of Figure 1, the median
content of hexuronate, and thus PG, was also similar in both
groups; there was no statistically significant difference in
the median content of HA (U = 41, p = 0.529) between the
2 groups. 

In the explants incubated in the absence of NSAID, the
rates of PG and HA synthesis (Figure 1, middle panels) were
distributed over a wide range of values. Likewise, when
radiolabeled cartilage explants were cultured in the absence
of drug, the net loss of [3H]-HA and [3H]-PG molecules was
also distributed over a wide range of values (Figure 1, lower
panels). Obviously, these wide variations in metabolism that
were exhibited by the cartilage explants cultured in the
absence of drug were likely to hamper the assessment of the
effects of NSAID on PG and HA metabolism. Therefore, the
rates of proteoglycan and HA metabolism that were
observed for cartilage explants bathed with different
concentrations of NSAID were divided by the values
obtained for cartilage specimens incubated in the absence of
drug to yield percentage changes. 

Effects of celecoxib and diclofenac on the synthesis of PG
and HA. At the concentrations of 1 to 6 µg/ml (Figure 2,
right panel A), diclofenac did not significantly change the
total amounts of [3H]-PG molecules that were recovered
from the tissue and medium, and this is in contrast to cele-
coxib, which enhanced PG synthesis in a dose-dependent
manner (Figure 2, left panel A).

Celecoxib also enhanced in a relatively dose-dependent
manner the total amounts of newly synthesized HA mole-
cules over the range of concentrations of 1–6 µg/ml (Figure
3, left panel A) but no further increase in HA synthesis was
observed at a concentration of 10 µg/ml. In the range of

concentrations studied however, diclofenac was unable to
increase the total amounts of [3H]-HA molecules (Figure 3,
right panel A).

During the pulse studies conducted in the absence of
drug, a relative proportion of newly synthesized [3H]-PG
and [3H]-HA molecules were not incorporated into the
matrix and were lost into the culture medium. Further, this
relative loss of radiolabeled molecules varied from one
donor to another. Therefore, in each experiment, the
amounts of [3H]-PG and [3H]-HA (as expressed in
dpm/h/mg of hydroxyproline) found in the explants after
pulse-labeling in the presence of different concentrations of
NSAID were divided by the amounts observed in the control
explants pulse-labeled in the absence of drug to yield
percent changes. 

The changes in the tissue content of [3H]-PG obtained at
each NSAID concentration are shown in the B panels of
Figure 2. The relative amounts of [3H]-PG molecules
remaining in cartilage matrix were unaffected by diclofenac
over the range of concentrations studied whereas a signifi-
cant increase was observed with celecoxib at a concentra-
tion of 6 µg/ml. No further increase was seen at a celecoxib
concentration of 10 µg/ml. 

The changes in the tissue content of [3H]-HA observed at
each NSAID concentration are shown in the B panels of
Figure 3. At a concentration of 3 µg/ml, celecoxib had
already produced a significant increase in the tissue content
of [3H]-HA. The tissue content of labeled HA molecules
increased further with a celecoxib concentration of 6 µg/ml
and then reached a plateau at a celecoxib concentration of
up to 10 µg/ml. On the other hand, in the range of concen-
trations of 1–6 µg/ml, diclofenac was unable to significantly
change the amount of [3H]-HA molecules remaining within
the matrix of cartilage specimens. 

Effects of celecoxib and diclofenac on the net loss of PG and
HA. Changes observed for the net loss of [3H]-PG molecules
from cartilage explants during the 24-h nonradioactive
chase period are given in the upper panels of Figure 4. The
net loss was unaffected by diclofenac at concentrations of 1,
3, and 6 µg/ml, whereas in explants bathed with celecoxib a
marked inhibition of the net loss of [3H]-PG was noted at a
concentration of 1 µg/ml (p = 0.004) and this inhibition
became stronger at celecoxib concentrations of 3 and 6
µg/ml. 

Celecoxib also reduced the net loss of [3H]-HA molecules
in a dose-dependent manner (Figure 4, lower left panel). The
reduction was statistically significant at a celecoxib concen-
tration of 1 µg/ml (p = 0.002) and the strength of the reduc-
tion increased over the range of concentrations of 3 to 6
µg/ml. No further reduction could be observed at a celecoxib
concentration of 10 µg/ml. In contrast, at the 3 concentra-
tions tested (lower right panel), diclofenac did not induce any
significant change in the net loss of radiolabeled HA mole-
cules from cartilage explants during the 24-h chase period. 
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DISCUSSION
Our results show that celecoxib not only enhances the rate
of HA synthesis but also reduces the net loss of newly
synthesized HA molecules in human cartilage explants with
OA in a dose-dependent manner.

Although one should exercise much caution in extrapo-
lating the results obtained in vitro over short periods to in
vivo situations, there is some evidence that changes in carti-
lage metabolism observed in vitro might also occur in vivo.

Indeed, Dingle13 has measured the rate of PG synthesis in
OA cartilage explants obtained from patients who were
taking NSAID on a regular basis up to the day of surgery.
The action of the drug on PG synthesis was classified as
either stimulatory or inhibitory according to previous in
vitro studies. The author was able to confirm the previously
reported in vitro effect of a given drug when the rate of PG
synthesis was assessed immediately after cartilage tissue
sampling, but no longer after a 5-day washout time period.

Figure 1. Distribution of values of total proteoglycan (Hexuronate) content, total
hyaluronan content, and rates of proteoglycan and hyaluronan synthesis during a 12-h
pulse period, and net loss of newly synthesized proteoglycan and hyaluronan molecules
over a 24-h nonradioactive chase period in cartilage explants that were cultured in the
absence of nonsteroidal antiinflammatory drugs. Explants of group A were used for pulse
experiments and explants of group B were used for chase studies. In each column scatter,
the horizontal line corresponds to the median value. 

El Hajjaji, et al: Celecoxib and hyaluronan 2447

Personal, non-commercial use only.  The Journal of Rheumatology  Copyright © 2003. All rights reserved.

 www.jrheum.orgDownloaded on April 10, 2024 from 

http://www.jrheum.org/


These results are further strengthened by the observation
that, in OA cartilage explants obtained from patients who
were untreated prior to surgery, the rate of PG synthesis did
not exhibit change significantly when assessed either imme-
diately after cartilage sampling or after the washout period.
On the other hand, several clinical studies10,27,28 have
suggested that some NSAID might accelerate joint destruc-
tion in human OA, although their methodological
approaches were flawed. 

The concentrations of free drugs present in vitro were
likely to be close to the concentrations of free drug present
in vivo since, in our culture system, the concentration of
albumin was similar to that found in synovial fluid and the
total concentrations of celecoxib and diclofenac were
similar to the range of concentrations found for these drugs
in human body fluids29,30. On the other hand, to restrict the
topographical and disease-related variations in cartilage
composition and metabolism23, sampling of full thickness
cartilage was limited to the medial femoral condyle and we
explored only cartilage specimens in the mid-range of
severity of OA, i.e., at a stage of the disease process in
which many patients consult physicians for joint pain and
start receiving NSAID. 

In contrast to diclofenac, celecoxib had a positive effect
on the metabolic balance of HA. This finding is worth
stressing since, although HA is present in low concentra-
tions within cartilage matrix, this glycosaminoglycan is the
central core of PG aggregates, a supramolecular organiza-
tion that dramatically increases the rheological properties of
PG molecules and, in so doing, affects the dynamic behavior
of cartilage in compression31. Furthermore, the progressive
reduction in HA content of cartilage seen in experimental
and human OA17,18 is likely to contribute to the apparent
irreversibility of the OA disease process32 and contrasts with
the age-related increase in the HA content of normal artic-
ular cartilage19,20. 

Although the effects of celecoxib on HA metabolism
might be of great biological and therapeutic significance in
OA, the exact mechanisms of action of this drug are not
clear. Very little is known about the mechanisms regulating
the expression and/or activity of the 2 HA synthases present
at the cell surface of chondrocytes33. Further, since no
hyaluronidase active at the near neutral pH of cartilage
matrix has been identified, it has been suggested that degra-
dation and loss of HA molecules may result from the action
of oxygen-derived free radicals (ODFR)34. However, if
ODFR played an important role in the loss of HA molecules
from cartilage explants, then one might have expected that
diclofenac would reduce the net loss of newly synthesized
HA molecules from cartilage matrix since NSAID have
been reported to block the production of ODFR35. 

Celecoxib was also able to enhance PG synthesis and to
reduce the loss of newly synthesized PG molecules from
OA cartilage explants and this in contrast to a recent report
showing that celecoxib had no significant effect on PG
metabolism in healthy human cartilage16. Such difference
between normal and OA cartilage in the metabolic response
to drugs has already been observed with other NSAID and
is apparently related to a greater diffusion of the drug
throughout the matrix of OA cartilage10,36. Indeed, although
NSAID may bind differentially to cartilage matrix, there is
an inverse relationship between, on the one hand, the
decrease in the matrix concentration of negatively charged
PG molecules, which is proportional to the gravity of the
OA disease process, and, on the other hand, the uptake of the
drug by the cartilage tissue. 

The positive effect of celecoxib on PG metabolism
contrasts with the neutral effect of diclofenac. Such a differ-
ence between drugs in the metabolic response of cartilage
has already been observed in previous in vivo and in vitro
studies showing that some drugs stimulate the rate of PG
synthesis by cartilage whereas others either inhibit PG
synthesis or have no effect10,12,13. Although aspirin, and to a
lesser extent, ibuprofen, can inhibit PG synthesis by
inhibiting glucuronyltransferase, an enzyme involved in the
elongation of chondroitin sulfate chains in the nascent PG
molecule37, the mechanisms responsible for these marked
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Figure 2. Effects of different concentrations of celecoxib and diclofenac on
the total amounts (tissue and medium) of newly synthesized proteoglycan
molecules (A panels). The effects of the drugs on the relative amounts of
newly synthesized proteoglycans remaining in cartilage matrix at the end of
the pulse period are illustrated in B panels. Results are expressed as the
relative percentage (%) of values observed in corresponding explants
cultured in the absence of drug. In each column scatter, the horizontal line
corresponds to the median value. p comparison by the Wilcoxon signed-
rank test.
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differences in the effect of NSAID on PG synthesis remain
to be elucidated and are apparently not related to the chem-
ical class of the drug or to its capacity to inhibit PG produc-
tion10,38. On the other hand, in a recent study conducted with
healthy human cartilage, celecoxib was able to reverse the
inhibition of PG synthesis induced by interleukin-1 and
tumor necrosis factor alpha16. 

The reduction in the net loss of PG produced by cele-
coxib might be, at least in part, related to the positive effect
of this drug on the overall metabolism of HA. Indeed, by
limiting PG aggregation, any decrease in the HA content of
cartilage is likely to favor the loss of newly synthesized PG
molecules by diffusion and/or by proteolytic degradation39. 

On the other hand, it is generally accepted that the major
enzymes involved in the turnover of PG, both in health and
disease, are aggrecanase and several members of the family
of matrix metalloproteinases (MMP), including strome-
lysin-1 (MMP-3) and the 3 collagenases (MMP-1, -8, and -
13)40,41. This contention is further strengthened by the
observations that synthetic hydroxamate compounds known
to inhibit the activity of aggrecanase and MMP have the
ability to inhibit the release of PG from cartilage
explants41,42. Accordingly, some NSAID might act by

inhibiting the expression and/or activity of such enzymes.
Indeed, naproxen has been reported to reduce the total
amounts of latent and active MMP present in canine artic-
ular cartilage11 whereas 4-hydroxy aceclofenac, a major
metabolite of aceclofenac in humans, markedly inhibits the
secretion of aggrecanase, MMP-1, and MMP-3 by chon-
drocytes43, this effect being apparently unrelated to the
reduction in the production of prostaglandin E2 or to the
increase in intracellular cyclic AMP concentrations.
Further, other studies also suggest that NSAID could act
either as reversible enzymatic inhibitors44 or by inhibiting
COX, which mediate the induction of membrane-type
metalloproteinase-1 (MMP-14), an enzyme able to activate
gelatinase A (MMP-2) and MMP-1345. Obviously, the
effects of NSAID on PG metabolism are still poorly under-
stood. 

In conclusion, although celecoxib did not normalize the
changes in the metabolism of OA cartilage, this drug had a
favorable effect on the metabolism of both HA and PG and,
accordingly, should not hamper the biomechanical proper-
ties of OA cartilage matrix. However, it remains to be estab-
lished whether changes observed in vitro over short periods
would also be observed in vivo over long periods.

Figure 3. Effects of different concentrations of celecoxib and diclofenac on the total amounts
(tissue and medium) of newly synthesized hyaluronan molecules (A panels). The effects of the
drugs on the relative amounts of newly synthesized hyaluronan remaining in cartilage matrix
at the end of the pulse period are illustrated in the B panels. Results are expressed as the rela-
tive percentage (%) of values observed in corresponding explants cultured in the absence of
drug. In each column scatter, the horizontal line corresponds to the median value. p compar-
ison by the Wilcoxon signed-rank test. 
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